An extremely severe and persistent haze event occurred over the middle and eastern 19
and RRTM longwave radiation schemes, the Purdue Lin microphysics scheme, the Fritsch cumulus scheme, and a nudging coefficient of 1×10 -5 for water vapor mixing ratio. 35
The emission sensitivity simulations show that the PM 2.5 concentrations are most sensitive to 36 nitrogen oxide (NO x ) and SO 2 emissions in northern China, but to NO x and ammonia (NH 3 ) 37 emissions in southern China. 30% NO x emission reductions may result in an increase in 38
Comparative evaluation of model performance 260

Evaluation over East Asia 261
As showns in Tables S1 and S2, the simulations of PX_RAD_MP_KF_Q_351 and  262 RAD_MP_KF_Q give the best meteorological predictions among all the 11 simulations. 263 Table 2 summarizes the domainwide statistics for chemical species, i.e., PM 2.5 , PM 10 , SO 2 , 264 NO 2 , and CO over Domain 1 at the 36-km grid resolution. In general, the model overpredicts 265 the concentrations of those pollutants, i.e., the concentrations of PM 2.5 and PM 10 are 266 overpredicted by the 11 simulations by 28-48% and 0-8%, respectively, and those of SO 2 , 267 NO 2 , and CO are overpredicted by 33-91%, 9-27%, and 1-12%, respectively. One of the 268 major reasons is the lack of wet scavenging scheme for the SAPRC-99 and MOSAIC-VBS 269 option in WRF/Chem 3.5 and 3.5.1 (Peckham et al., 2013) . Saide et al. (2012) evaluated the 270 influence of wet deposition to atmospheric concentrations of gaseous and aerosol species by 271 simulations with/without wet scavenging process using WRF/Chem. They found that 272 significant differences existed in SO 2 and aerosol concentrations when the wet deposition 273 process was turn off. Therefore, the uncertainties introduced by the lack of wet scavenging 274
should be considered in model evaluation, as well as distinguishing them from the 275 uncertainties from the emission inventory. The uncertainties of the MEIC emission inventory 276 are estimated to be smaller or same to the INTEX-B emission inventory, which are ±12% for 277 SO 2 , ±31% for NO x , ±68% for NMVOCs, ±70% for CO, ±132% for PM 10 , ±130% for PM 2. China, September, 2014). Although large uncertainties may exist in the primary PM emission 280 inventory, the secondary inorganic and organic aerosols, generated from the gaseous 281 precursors which have much smaller uncertainties, are believed to be the driving factors 282 during this severe polluted month (Huang et al., 2014; Zheng et al., 2014) . The modeling 283 13 results over the same domains for the same period using the exactly same inventory and same 284 chemical mechanism but with the MM5-CMAQ system that includes wet scavenging process 285 (L. T. Wang et al., 2014) showed that PM 2.5 are slightly underpredicted over Domain 1 (with 286 an NMB of -14.6%) and over-estimated over Domain 2 (with an NMB of 19.1%). These 287 results may imply that the range of the uncertainties introduced by the MEIC inventory, 288 which cannot explain WRF/Chem performance (i.e., the RAD_MP_KP_Q simulation) with 289 the NMB of 31% for Domain 1 and 45% for Domain 2 in this work, the lack of wet 290 scavenging is most likely responsible for the overpredictions in PM 2.5 concentrations. 291
As shown in Table 2 , the averaged observed PM 2.5 concentration over Domain 1 is 292 137.2 μg m -3 , and that of the baseline prediction is 201.5 μg m -3 , with 47% of overprediction. 293
Changing in the radiation, microphysics and cumulus schemes individually, i.e., RAD, MP, 294
and CU_GD, will result in a slightly better performance (186.6-201.0 μg m -3 ). The combined 295 configurations used in RAD_MP_KF and the reduction in nudging coefficient of Q used in 296 RAD_MP_KF_Q further reduce the overprediction (182.5 and 179.4 μg m -3 , respectively) 297 and the changing in nudging coefficient of Q (RAD_MP_KF_Q) results in the PM 2.5 298 concentration of 179.4 μg m -3 . Although there is a large discrepancy on the precipitation 299 predictions between the two simulations (0.7 vs. 1.3), the concentrations of PM 2.5 are not 300 changed significantly due to the lack of wet scavenging for these options in this version of 301 WRF/Chem. Our study indirectly attests the importance of wet scavenging process to 302 pollutants concentrations, which should be one of the foci and priorities for model 303 improvement for the SAPRC99-MOSAIC/VBS option. While NMBs and NMEs are 28-47% 304 and 66-78%, respectively, MFBs are 16-29% and MFEs are 57-60% for PM 2.5 predictions 305 from all simulations. The performance of PM 2.5 predictions by all those simulations is 306 considered to be satisfactory based on the performance criteria of an MFB within ± 60% and 307 14 an MFE within 75% proposed by Boylan and Russell (2006 
Evaluation over northern China 357
The meteorological evaluation for Domain 2 are in Section 2 of the supplementary 358 material. It indicates that the RAD_MP_KF_Q configuration shows the best performance 359 over Domain 2 and the nested simulation at a 12-km grid resolution improves the predictions 360 for temperature and humidity, and performs similarly for other meteorological predictions. 361
The improvements on meteorological predictions of the RAD_MP_KF_Q comparing with the 362 BASE in terms of NMB are summarized in Table 3 , for both Domain 1 and 2. In general, the 363 model performances are improved in terms of T2 and precipitation, not changed for WD10, 364
and slightly declined for Q2 and WS10. The most signicant improvement is for precipitation, 365
with NMBs decreased from -76% to -3% over Domain 1 (at 36-km grid resolution), and -82% 366 to 19% (at 36-km grid resolution) and 21% (at 12-km grid resolution) over Domain 2. 367
The statistics over Domain 2 for chemical variables are shown in Table 4 . In general, 368 the model overpredicts the concentrations of all species over the Domain 2 at a 36-km grid 369 resolution, with NMBs of 45-70% for PM 2.5 , 3-23% for PM 10 , 32-114% for SO 2 , 36-61% 370 for NO 2 , and 18-74% for CO. The NMB of RAD_MP_KF_Q for PM 2.5 is 50% at 36-km and 371 reduces to 23% at 12-km. The MFBs and MFEs for PM 2.5 predictions from all the 36-km 372 simulations are 23-48% and 58-64%, respectively, which are still within the threshold for 373 satisfactory performance proposed by the U. S. EPA (2007) and Boylan and Russell (2006) . 374
The NMBs for PM 10 are much smaller than for PM 2.5 , indicating that the model underpredicts 375 the concentrations of PM 2.5-10 . The NMBs of RAD_MP_KF_Q for PM 10 are 9% at 36-km, 376
and 4% at 12-km. As for SO 2 , RAD_MP_KF_Q performs the best among all the simulations 377 at 36-km, with an NMB of 32%, an MFB of 22% (within the criteria of MFB ≤ 60%), and 378 an MFE of 76% (slightly over the criteria of MFE ≤ 75%), but the NMB at 12-km 379 dramatically increases to 113.4% (with an MFB of 30% and an MFE of 93%). Figure 3  380 presents the overlay of the simulated and observed monthly average concentrations of PM 2.5 , 381 PM 10 , SO 2 , NO 2 , and CO at the 36-and 12-km grid resolutions over Domain 2, and the 382 corresponding NMBs. The model generally captures the spatial distributions of SO 2 pollution 383 (Figure 3(a-b) ). The significant change of NMBs mostly occurrs in Hebei area (Figure 3(c-d)) , 384
where the model underpredicts the SO 2 concentrations over most of the cities in Hebei area at 385 36-km, but it shows noticeable overpredictions when nesting to 12-km. Since SO 2 is more 386 sensitive to the local source emissions, this change implies that uncertainties exist in the 387 spatial allocations of the emissions into a finer grid resolution. It may overestimate the SO 2 388 emissions in the urban grids if the population density was used as a surrogate to distribute the 389 emissions into a finer grid resolution, as discussed in L. T. Wang et al. (2014) . The 390 distribution of NMBs for NO 2 and CO also shows the similar characteristics between 391 predictions at 36-and 12-km, despite to a lesser extent comparing to those for SO 2 . The 392 NMBs, MFBs, and MFEs of NO 2 predictions from RAD_MP_KF_Q are 36%, 27%, and 55% 393 at 36-km, and 40%, 12%, and 64% at 12-km, respectively, and those for CO are 18%, 16%, 394 and 55% at 36-km, and 36%, 10%, and 65% for 12-km, respectively. In general, the model 395 gives reasonable predictions and RAD_MP_KF_Q performs the best among all the 36-km 396 simulations over the Domain 2. The nested simulation at 12-km further improves the 397 performances for PM 2.5 and PM 10 but deterioration occurs for SO 2 , NO 2 , and CO due partially 398 to the uncertainties in the spatial distribution of the emissions into the fine grid resolution. 399
The summary of model performance improvements of RAD_MP_KF_Q comparing with the 400 BASE in terms of NMB over both Domain 1 and 2 is presented in VOCs are reduced by 30% simutaneously (i.e., the simulation SO 2 _NO X _NH 3 _VOCs_30). It 412 should be noted that lack of wet scavenging will extend the lifetime of atmospheric aerosols 413 and soluble gaseous pollutants. The increase of the lifetime of some precursors of PM 2.5 , e.g., 414 SO 2 , NO 2 , NH 3 , and VOCs, will results in differences in atmospheric chemistry and thus 415 PM 2.5 composition and concentrations (Knote et al., 2013; Garrett. et al., 2006) . And extend 416 of PM 2.5 lifetime will lead to the changes in radiation, cloud process, etc., in online-coupled 417 simulations. Although it will affect the performance statistics of a single simulation, it will 418 not lead to significant differences in predicted sensitivities, as both the baseline and 419 sensitivity simulations do not include wet scavenging. 420
As shown in Figure 4b , the largest reduction in SO 2 concentrations due to 30% 421 reductions in SO 2 emissions occurs in the Sichuan Basin, southern Hebei, Hubei, and 422 northern Hunan, at the level of 2-15 μg m -3 , which is about 2.5-10% of the PM 2. 
